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Abstract 

There is evidence that B cells arc involved in the pathophysiology of many neurological diseases, either in a causative or contributory role, via 
production ol' autoantibodies, cytokine secretion, or hy acting as antigen-presenting cells leading to kceil activation. Clonal expansion of B cells 
either in situ or iutratheeally and circulating autoantibodies are critical elements in multiple sclerosis (MS). Devic's disease, paraneoplastic central 
nervous system disorders, stiff-person syndrome, myasthenia gravis, autoimmune demyelinating neuropathies and dermatomvositis. The 
pathogenic role of B cells and autoantibodies in central and peripheral nervous system disorders, as reviewed here, provides a rationale for 
investigating whether depletion of B cells with new agents can improve clinical symptomatology and. potentially, restore immune function. 
Preliminary results from several clinical studies and case reports suggest that B cell depletion may become a viable alternative approach to the 
treatment of autoimmune neurological disorders. 
Published by Elsevier Inc. 
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1. Introduction 

During the last 20 years, there has been much emphasis on 
the role of activated T cells, T cell subsets or immunoregulatory 
T cells in the pathogenesis of autoimmune neurological 
disorders, most notably multiple sclerosis (MS) and Guillain- 
Barre syndrome (GBS). This focus on T cells probably relates to 
the observation that the main histopathological lesions in MS 
and GBS are dominated by mononuclear cell infiltrates (Halm. 
1 998; Cross et al.. 2001). It is also influenced by studies 
performed in their respective animal models, experimental 
autoimmune encephalomyelitis (EAE) and experimental auto- 
immune neuritis (EAN), where myelin-reactive T cells transfer 
the disease. However, emerging data from animal and human 
studies have renewed interest in the importance of B cells in the 
pathophysiology of autoimmune neurological disorders. 

This review discusses the role of B cells, not only as 
antibody-producing cells, but also as cells participating in other 
components of the immune repertoire relevant to the pathogen- 
esis of central nervous system (CNS) or peripheral nervous 
system (PNS) disorders. In addition, the pathogenic role of 
various autoantibodies associated with autoimmune neurolog- 
ical disorders are described alongside an examination of the 
possibility that infectious agents may promote cross-reacting 
autoantibodies with CNS or PNS antigens (molecular mimicry). 
Currently available treatments and the emerging role of agents 
that modulate B cells will be discussed in the context of the 
treatment of these diseases. 

2. Biology of B cells 

The adaptive immune system including the key elements- 
lymphocytes and antibodies-plays an important role in 
eliminating foreign microorganisms and molecules that may 
otherwise compromise health and wellbeing. B lymphocytes 
arise from hematopoietic stem cells and, after a clonal selection 
process, mature to produce antibodies specific for an antigen. In 
the bone marrow, stem cells mature independent of an antigen 
into pro-B cells. pre-B cells and immature B cells, which enter 
the antigen-dependent phase in the peripheral lymphoid tissues 
(Fig. 1 ). When these positively selected B cells are re-stimulated 



with the relevant antigen, clonal expansion takes place giving 
rise, sequentially, to mature (naive) B cells expressing surface 
lgM and IgD, activated B cells in the germinal center, memory 
B cells, early and late plasmablasts and finally antibody- 
producing plasma cells that are all specific for the original 
antigen (Fig. 1) (Goldsby et al., 2000; Sell, 2001: Avery et a!., 
2005). Specific cluster of differentiation (CD) markers such as 
CD19 and CD20 distinguish the B cells from stem cells and 
plasma cells, while others such as CD27, B cell activating factor 
for the TNF family (BAFF) and CD38, confer specificity for 
different B cell activation phases (Fig. 1 ). 

Evidence indicates that B cells are involved in the 
pathophysiology of a number of diseases associated with 
pathogenic autoantibodies such as rheumatoid arthritis, sys- 
temic lupus erythematosus (SLE) and myasthenia gravis 
(Drachman, 1994; Edwards et al., IW; Lipsky, 200 f). All 
humans generate B cells that are autoreactive (i.e., have antiself 
reactivity). In the normal state, negative selection occurs at key 
points in the B cell development leading to tolerance, a process 
essential to ensure appropriate immune responses. Inappropriate 
responses, expressed as symptoms of autoimmune conditions, 
such as SLE. arise from a loss of self-tolerance resulting in the 
production of autoantibodies to a range of self-tissue antigens. 
Loss of tolerance may occur in the periphery, rather than 
centrally in the bone marrow and thymus, where the interaction 
of T cells with B cells amplifies the autoimmune process and 
leads to disease (Shiomchik et al., 2001). BAFF has now 
emerged as a powerful survival factor on B cells by stimulating 
the expression of pro-survival oncogene such as Bcl-2 (Mackay 
& Tangye, 2004). If BAFF is inappropriately expressed, it can 
promote the survival and escape of autoreactive B cells. 
Elevated BAFF levels have been detected in the tissues of 
several autoimmune diseases including the brains of MS 
patients (Krumbholz et al.. 2005), and could explain the 
persistence of autoantibody production or T cell mediated tissue 
damage in these disorders. 

3. Role of B cells: beyond antibody production 

It has now become clear that B cells contribute to systemic 
autoimmunity and development of disease in several ways, 
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Fig. 1. B cells originate Imro hematopoietic stem cells wiihin ihe adult bone marrow. Their mamraticm proceeds in two phases, .mi igcn -independent in the bone marrow 
and antigen-dependent in the peripheral lymphoid tissue. The stem cells (CD 19 and CD20 ) dilTerenriare into pre-B cells (CD 19", CD20 ) that express various cell 
adhesion molecules. Pre-B cells develop into lnunature B cells, that express lyM while still in the bone imww. and evolve mm mature I naive) B cells (CD20 , ( 1)2? ) 
that express )g.M and IgO. i he lenmnal L! cell .iigerenliation phase takes place in the germinal comer Horn mature (naive) B tells upon activation by an antigen and 
ecwtimnlatory factors. In the germinal center, alter Ig isoivpe switching, the naive B cells become activated and exit to differentiate into memory B cells (CD27'" W ). 
early plasmablaas (CD27 b ""\ CD40L") and "late " plasmablasts (CD27-. CD38-) that expresses BAFF (B cell-activating factor of lhe TNF family, also named BlyS). 
1 hese cells migrate >o i lie bone marrow, gut. spleen, ion ok hui also brain under i he direction of .pea tic chemokines (C'Xt'I.l 2. (VL25.CCl.2X) where they evolve 



most notably via cytokine production, antigen presentation and 
complement activation (via autoantibody production) (Fig. 2). 
B cells secrete proinflammatory cytokines-interleukin 6 (IL-6). 
tumor necrosis factor-a (TNF-a) and IL-IO-which directly 
activate macrophages or alter the function of the other 
immunoregulatory cells. The production of IL-6 and IL-10 by 
B cells provides feedback stimulatory signals for further B cell 
proliferation and perpetuation of the cascade that leads to 
disease (Chan et a!., 1 999: Goldsbv et al„ 2000; Fillatreau et al., 
2002; Dttddy et al.. 2004; VVeinstetn et al.. 2004). Antigen- 
specific B cells are able to act as antigen-presenting cells and 
can interact with T cells. This leads to activation of the T cells 
(Constant, 1 999), which in turn enhance antibody production by 
B cells through direct interaction with B cells and via cytokine 
production. This B cell-T cell interaction can result in 
simultaneous expansion of antigen-specific B cells and f 
cells, thus perpetuating and enhancing the immune response. It 
is postulated that this may occur in MS, as autoantibodies and T 
cells from MS patients have been shown to ha\e very similar 
myelin basic protein (VI BP) epitope specificity (Wncherpfemiig 
et al.. IW7), Autoantibodies produced by plasma cells derived 
from antigen-specific mature B cells recognise antigens on the 
cell surface of specific cells and initiate an acute inflammatory 
cascade, often by activating complement, which also results in 



tissue damage. The Fc region of the antibody may also bind to 
Fc receptors on macrophages, neutrophils and NK cells causing 
those cells to specifically attack a targeted tissue by antibody- 
dependent cell-mediated cytotoxicity. 

The evidence that B cells contribute to the pathophysiology 
of various autoimmune diseases through the above-mentioned 
functions i.s supported by a number of observations. For 
example, in rheumatoid arthritis, anti-immunoglobulin (IgG) 
antibodies, known as rheumatoid factors, are found in high titers 
in the synovium, and it has been proposed that rheumatoid 
factor-producing B cells may be pathogenic by functioning as 
antigen-presenting cells (Carson et al., 1991: Roosnck & 
l.an?avecchi;i. 1991). Furthermore, rituximab ( VlabThcra*-; 
Rituxan "•'■)- a chimeric anti-CD20 monoclonal antibody that 
eliminates CD20' B cells, is beneficial in rheumatoid arthritis 
by depleting B cells without affecting (he autoantibody levels 
(Edwards et al., 2004), 

4. Trafficking of B cells to the nervous system 

Although it is believed that the CNS is immune privileged, it 
is now understood that, in the normal state, circulating immune 
cells cross the blood-brain barrier (Anthony et al,, 2002). 
indeed, human B cells migrate across the brain endothelium 
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Fig. 2. The three nuin mechanisms by which B cells contribute to the pathology of immune-mediated conditions after their activation, include: (a) production of 
cytokines IL6, TNF«. IL-IO which activate macrophages and T cells and enhance tissue damage: (b) action as antigen-presenting cells (APC) resulting in clonal 
expansion of cytotoxic T cells and cytokine production; and (c) transformation)??) into plasma cells that produce antibodies. The antibodies cause tissue damage via 
complement activation or antibody-dependent-cell mediated cytotoxicity. (IL-6, imerleukm 6; TNF-or, tumor necrosis factor alpha: IL-IO, imerleukm-10: IL-I. 
interleukm-1). 



more rapidly than autologous T cells ( Anthony et al.. 2003). B 
cells are also capable of responding to an antigen within the 
CNS and differentiating into antibody-producing plasma cells, 
despite the presence of an intact blood-brain barrier (Knopf et 
al.. I ). Antigen-specific B cells appear to be able to enter all 
parts of the normal human brain, albeit in very low numbers 
(Anthony et al., 2003). Human B cells constitutively express the 
adhesion molecules VI. A -4 and LFA-I, while their counter- 
receptors, VCAM-I and ICAM-1, are upregulated on the 
blood-brain barrier endothelial cells by chemokines such as 
MCP- 1 and IL-8 ( Alter et al.. 2003). During an inflammatory or 
immune demyelinating process the interaction of MCP-I and 
IL-8 with their respective receptors on B cells. CCR2. CCR2a, 
CCR2b and CXCR1 and CXCR2, facilitates their transmigra- 
tion within the CNS (Fig. 3) (Alter et al.. 2003). In the CNS 
compartment, including the CSF, there is accumulation of 
memory B cells, early and late or short-lived piasmablasts. and 
plasma cell-secreting immunoglobulins (Ritchie et a!., 2004: 
Cepok et al.. 2005). 

Emerging data from EAE and MS lesions indicate that B cells 
are important for initiating disease within the CNS (Rajne et al.. 
1090; Genain et al.. 1000). Data in H cell-deficient mice, for 
example, confirm that B cells contribute to the severity of myelin 
ohgodendrocv te glycoprotein ( MOO (-induced EAE (Svensson et 
al.. 2002). In autoimmune neuropathies, although B cells and 



plasma cells are rarely present within the endoneuiial parenchy- 
ma, IgG or IgM antibodies secreted by the circulating B cells and 
plasma cells enter the nerve to recognise specific myelin or nerve 
antigens. In the muscle, B cells transmigrate to the endomysial 
spaces and are present in increased numbers around blood vessels 
in patients with dermatomyositis (Dalakas & Hohlfeld. 2003). 

5. B cells, antibodies and 

molecular mimicry with nerve antigens 

Molecular mimicry, a fundamental trigger of autoimmunity, 
is best defined as a dual recognition of molecules, common to 
an infectious agent (or tumor) and a host tissue. In a single B or 
T cell receptor. It is the mechanism by which" infections or 
rumors trigger cross-reactive antibodies or T cells and may 
cause an autoimmune disease. Among the classic examples of 
molecular mimicry involving CNS or PN'S tissues are I ITLV-I- 
associated myelopathy and GBS with Vompyhhu-hr jtimn 
infection (Levin et al., 2002: Aug et al.. 2004). 

IgG antibodies against neurons isolated from patients with 
I ITLV-1 -associated myelopathy recognise a common epitope 
shared by neurons and I1TLV-1 tax viral proteins. Because 
such reactive antibodies inhibit neuronal firing, this mimicry 
may be of clinical relevance (Levin et af. 2002). The greatest 
contribution of molecular mimicry to symptom expression at 
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fig » Transmigration. h.mmi t : and |vrsM,'iw.- o! B cells inn. the nervous system. Circul.uhi t : I! cells ..ou-amuivoly express adhesion molecules VLA-4 and LFA-1 
while the BBB (blood .hr.mi hairier i oiHloilieli.il cells conxuiutiv ely express and secrete MC I'- 1 and IL-H clieuickiiics. After actuation h> an antigen (i.e., infection). B 
cells proliferate and release cytokines and cheniokines. vv Inch nprcgulate Vl.A-4 and LFA-1 and the receptor forchcir.okiues Ml ;p.| and lt.-S {(.'< R2. CCR2a, CCR2b 
and CXCK I. C\( 7\V. i \cii\ ated B eel Is iransimgiate \ ra the adhesion ui.dev.iile vhemok.iuc recepiors interaclions ( Vl.A-4 V( \V1. I I A-l K'AVI-1. VK.T-l O. Rd. 
IL8/CXCR1) and home within the CMS. They may re-encounter the antigen at the site of antigen exposure leading to further B cell expansion and activation of 
cytokines .ind complement. 1 hoc is evidence that in the CVS compartment, mchidiug (. Sh •here is acciiiuuhxiion of memory H cells, early and kite plasiuiiblasts. and 
immunoglobulin secreting plasma cells, BAIT is highly expressed on astrocytes of MS patients (Bred ct al., 19%) and support the survival of BAFF-reecplor 
expressing B cells allowing thereby ihe persistence and clonal expansion e' 11 cells and continooii . Ig prodeetion tie. persisting ohgoeloual hands). Locally produced 
BAFF may also contribute to plasma cell survival in the CMS and to further T cell activation. 



the B cell level has been demonstrated lor (IBS. which is 
triggered by the intesttn.il infection ('. jejuni in approximately 
25% of cases (Ogawara et al.. 2000). This bacterial infection 
generates antibodies against the gangliosides GM1, GDlb or 
GDI a which are present on the myelin sheath; in turn, the lgG 
from GBS patients cross-reacts with oligosaccharide structures 
on Campylobacter which are identical to those present in the 
peripheral nerves (Willison & Yuki, 2002: Aug et al., 2004). 
Molecular mimicry has been also implicated in MS (Wekerle & 
Hohlfeld. 2003), stiff-person syndrome (1 lassin-Baer et al.. 
2004) and paraneoplastic disorders (Robert* & Darnell. 2004). 

6. I he role of B cells in autoimmune neurological disorders 

B cells and autoantibodies are involved in the pathogenesis 
of neurological diseases affecting all levels of the neuraxis. 
including bram and spinal cord (e.g.. MS. neuromyelitis optica 
[Devices disease], stiff person syndrome and paraneoplastic 
CNS disorders), dorsal root ganglia and peripheral nerves 
(e.g.. GBS and chronic demyelinating neuropathies), neuro- 
muscular junction (e.g.. myasthenia gravis) and muscle (e.g., 
dermatomyosttis). The main observations supporting the role 



of B cells in these disorders, as will be discussed, are 
summarised in Table 1. 

6. 1. Multiple sclerosis 

MS is a complex autoimmune disease of the CNS 
characterised by demyelination and inflammation in the brain 
and spinal cord. The aetiology of MS is unknown, but it appears 
to be multifactorial. Evidence indicates that a pathogen-most 
likely a v iral infection triggers, possibly via molecular mimicry, 
an autoimmune attack against the myelin sheath of nerve cells in 
genetically susceptible indiv iduals. Different patterns of demy 
elination, implying different pathogenic and pathophysiological 
mechanisms- especially with regard to the role of B cells and 

antibodies appear to be involved in different stages of the 

disease or subgroups of MS ( Lucchittettt et al., 2000). In the 1 
IV classification of Lucchineti et al. for example, pattern 11 is 
characterized not only by prominent lymphocyte and macro- 
phage infiltrates but also by complement activation and deposits 
of immunoglobulins (1 ucchmetti et al . 2000) suggesting an 
antibody-mediated process i I. ucc hmetti et al.. 2000). The 
improvement of these patients after therapeutic plasmapheresis 
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minor CNS-specific component of the myelin which is 
preferentially expressed on the outermost surface of the sheath 
(Certain et al., 1 999) Demyelinating lesions seen in MOG- 
indttced EAE in the rat and marmoset models are very similar to 
those seen in MS (Storcb et al., 199K; Mancardi et al.. 2000). 
Data in B cell-deficient mice suggest that B cells contribute to 
the severity of the MOG-induced EAE model (Svensson et al., 
2002). In tissue from humans with MS and primates with EAE, 
autoantibodies against MOG, along with complement, have 
been localised in the actively demyelinating lesions (Genain et 
al., 1999: Raine et al., 1999; Lucchinetti et al. 2000). 
Furthermore, antibodies against MOG are detectable early in 
a targe subgroup of patients with VIS. These antibodies seem to 
persist over time and. if confirmed with additional satdies, 
appear to have prognostic value ( . Reindl et al.. 1999; Berger et 
al.. 200 V), Although all of the aforementioned observations arc- 
highly suggestive of an antigen-driven immune response, the 
contribution of B cells to MS pathogenesis is complex, because 
cytotoxic and immunoregulatory T cells are also involved. 

6.2. Neuromyelitis optica 



supports the humoral mediated process (Reegan et al.. 2005). 
Additional evidence is supported by the presence of elonally 
expanded accumulations of B cells in the plaques of chronic MS 
lesions along with intrathecal B cell clonal selection and 
expansion and the presence of oligoclonal IgG bands derived 
from the oligoclonal population of B cells in the brain and 
cerebrospinal fluid (CSF) (Qin et al., 1998: Baranzini et al., 
1999: Colombo et al.. 2000: Williamson et al., 2001; Owens et 
al., 2003; Qin et al., 2003). A high percentage of CD5" B cells, a 
B cell subset responsible for the secretion of IgM antibodies 
against nonprotein antigens, is also found in MS patients (Mix et 
al., 1990). 

Furthermore, ectopic lymphoid follicles have been recently 
demonstrated in the meninges of patients with secondary 
progressive MS (Serafini et al., 2004) that may be involved in 
maintaining the intrathecal B cell antibody response. Compart- 
mentalised B cell response was also found to occur within the 
CNS of MS patients through a recapitulation of till stages of B 
cell differentiation, similar to that observed in secondary 
lymphoid organs (Corcione et al . 2004). In addition, tissue- 
bound IgG and complement are localised to the areas of 
demyelination (Compston et al.. 19S9; Lucchinetti et al., 2000). 
High B cell and low monocyte numbers are also seen in the CSF 
of MS patients and correlate with the rate of disease progression 
in the relapsing remitting and secondary progressive forms of 
the disease (Cepok et til.. 2001 ). Intrathecal production of IgM 
anti-myelin antibodies also appears to be a predictor of 
aggressive evolution in MS patients (Villar et al.. 2005). 
Moreover, memory B cells and upregulation of co-stimulatory 
molecules such as CD80 have been noted in MS lesions, which 
may serve as antigen-presenting cells to sustain T cell activation 
(Gene et al., 1997; Bar-Or et ah, 2001). 

Evidence suggests that autoantibodies specific for myelin 
proteins -in particular, MOG- may play a role in the initiation or 
progression of the inflammatory process in MS. MOG is a 



In neuromyelitis optica, patients exhibit symptoms of optic- 
neuritis and myelopathy without other neurological signs 
(Lucchinetti et al., 2002; Wingerchuk, 2004). Examination of 
lesions from autopsy cases has revealed lg deposits, predom- 
inantly IgM, and complement on the endothelial cell wall, 
resulting in vascular damage (Wingerchuk, 2004). The role of 
humoral mechanisms in the pathogenesis of the disease is 
further supported by the recent finding that a number of these 
patients have an autoantibody against aquaporin-4 water 
channel on the CNS endothelial cells (Lennon et al., 2005). 

6.3. Paraneoplastic neurological syndromes 

Paraneoplastic neurological syndromes are non-metastatic 
neurological complications occurring in patients with cancer 
(Vbltz. 2002: Darnell & Posner. 2003). It is believed that when 
antigens normally restricted to the nervous system are expressed 
in a non-nervous system cancer, such as small-cell lung cancer 
(SCL.C), ovarian cancer or breast cancer, the immune system 
recognises the neural antigen in the cancer as foreign and mounts 
an immune attack, resulting in the production of serum antibodies. 
Serum antibodies arc detected in all patients with paraneoplastic 
syndromes, among which the most common are anti-Hu 
antibodies seen in patients with encephalomyelitis, sensory 
neuronopathy or cerebellar ataxia 1 1 >.-lmau et al . i '.'92: ( nans et 
al.. 2001; Vbltz. 2002; Darnell & Posner. 2003), and anti-Yo 
antibodies seen in cerebellar degeneration (Peterson et al.. 1992). 
Other such antibodies include anti-Ri antibodies seen in patients 
with brainstem encephalitis (Jensen et al.. 2000), anti-Mai and 
anti-Ma2 antibodies seen in limbic encephalitis in association 
with testicular or lung cancer (Rosenfeld et al.. 2001). 
antiamphiphysin or antigephyrin antibodies seen in stiff-person 
syndrome in association with breast cancer (Yu et al. 2001), anti- 
voltage-gated calcium channel (VGCC) antibodies seen in 
Lambert-Eaton myasthenic syndrome (LFMSi in conjunction 
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with SCLC (Cartvr.uei & 1 )clatta% 200 1 ). and anti-voltage gated 
potassium channel (V'GKC) antibody seen in neuromyotonia 
associated with thymoma or SCLC (Hart et al.. 2002). 

In paraneoplastic CNS disorders, B cells, plasma cells and 
cytotoxic T cells cross the blood-brain barrier and there is 
evidence that antibodies are synthesised in situ by the B cells 
that reside within the CNS. B cells with the CD19 phenotype 
and clonal expansion of B cells with CDS ! phenotype have 
been found in high numbers in the CSF of opsoclonus- 
myoclonus patients, and their number correlates with clinical 
severity (Pranzatelli et al.. 2004a, 2004b). Although antibodies 
appear to have a predominant role (Darnell & Posner, 2003), the 
exact humoral and cellular pathways involved in the patho- 
physiology of these syndromes have not been clarified, and the 
means by which the immune system recognises such intracel- 
lular antigens remains unclear. 

6.4. Stiff-person syndrome and 

anti-glutamk acid decarboxylase-cerebellar ataxias 

Stiff-person syndrome is a rare disorder that commonly 
involves rigidity of trunk and leg muscles with episodic muscle 
spasms (Dalakas et al.. 2000). A high proportion of patients 
have antibodies against glutamic acid decarboxylase (GAD) — 
the enzyme necessary for synthesis of gamma-aminobutyric 
acid (GABA), the brain's predominant inhibitory neurotrans- 
mitter (Soiimena et al., I W0). These antibodies are synthesised 
intrathecally, presumably by B cells that have crossed the 
blood-brain barrier (Dalakas et al.. 2001). In addition, 
oligoclonal IgG bands similar to those seen in VIS patients are 
very commonly detected in the CSF (Dalakas et al.. 2001). The 
pathogenic role of anti-GAD antibodies in stiff-person syn- 
drome remains unclear but in vitro data suggest that they inhibit 
GAD activity, resulting in reduced GABA levels in the brain or 
CSF (Dinkel et al„ 1998: Raju et al., 2005). A small subset of 
patients with acquired cerebellar ataxia also have anti-GAD 
antibodies which may serve as markers of an ongoing 
autoimmune process involving cerebellar neurons. 

6.5. Myasthenia gravis 

Myasthenia gravis is a prototypic B cell-mediated autoimmune 
disease caused by pathogenic antibodies directed against the 
muscle acetylcholine receptor (AchR) (Drachman. 1994; Ragheb 
& l.isak. 1998: Vincent eiaC 2000). Although B cells are not seen 
in the end-plate region, the pathogenic antibodies produced by the 
peripherally stimulated plasma cells freely enter there. These 
antibodies reduce the amount of functional receptors on the 
postsynaptic membrane by a number of mechanisms, including 
internalization or degradation of the receptor, triggering comple- 
ment-mediated focal destruction of the postsynaptic membrane 
(Drachman. 1994; Vincent et al., 2000). 

The pathogenic role of AchR antibodies has been clearly- 
established. As proof of principle, myasthenic IgG transmits the 
disease, whereas removal of the AchR antibodies (via 
plasmapheresis) results in clinical improvement (Drachman, 
1994; Vincent et al.. 2000). The pathogenic significance of anti- 



MuSk antibodies, found in a subset of patients with AChR- 
negative MG, remains still unclear; these patients, however, 
respond to immunotherapy and the disease can be transmitted to 
animals suggesting a humoral-mediated process ( Vincent & 
Leite. 2005). 

6.6. Lambert-Eaton myasthenic syndrome 

LEVIS is characterised by antibodies directed against VGCC 
at the presynaptic nerve terminals ( V incent et al.. 2000: I )ai iicll 
& Posner, 2003). Similar to the situation in myasthenia gravis, 
the pathogenic role of these antibodies has also been 
established; the patient's serum transmits the disease and 
removal of the antibodies with plasmapheresis results in clinical 
improvement (Vincent et al., 2000). 

6.7. Anti-voltage gated potassium 

channel-associated neuromyotonia and limbic encephalitis 

Neuromyotonia, a disorder of peripheral nerve excitability, and 
non-paraneoplastic limbic encephalitis that presents with subacute 
confusional state, are characterized by antibodies to VGK.C. In 
neuromyotonia, the pathogenic role of these antibodies has been 
demonstrated by passive transfer of relevant electrophysiologic 
changes to mice by injection of patients' IgG ( Buckley & Vincent, 
2005). Further, neuromyotonia and limbic encephalitis respond to 
plasmapheresis, intravenous immunoglobulin (IVlg) or immuno- 
suppressive agents (Vincent et al, 2004). 

6. S. Dermatomyositis 

Dermatomyositis is an inflammatory disease that affects 
muscle and skin (Dalakas & llohlfeld. 2003). The disease occurs 
when activation of complement, presumably by antibodies 
directed against endothelial cells, causes lysis of the endomysial 
capillaries and muscle ischemia (Dalakas & llohlfeld, 2003). B 
cells are the predominant lymphocytes among the endomysial 
infiltrates (Engel & Arahata, 1986). A direct correlation also 
exists between increased numbers of peripheral blood B cells 
and worsening of the disease (TTsenstem et al. 1997). Although 
dermatomyositis may be a humorally mediated process, the 
putative antigen and the responsible antibody have not yet been 
identified (Dalakas & llohlfeld, 2003). 

6.9. Guillain-Barre syndrome 

CBS is an acute demvehnating disease of the PNS which is 
thought to be triggered by a preceding bacterial or viral 
infection. The disease is characterised by 4 main subtypes: acute 
inflammatory demvehnating polyneuropathy (A1DP); acute 
motor axonal neuropathy (AVIAN ); acute motor sensory axonal 
neuropathy (A MS AN); and Miller Fisher syndrome (MFS). 
Although they have some similarities in their clinical and 
electrophysiological features, the implicated antigen/s may be 
different because the immune attack appears to be directed at 
different targets: Schwann cell surface membrane or the myelin 
in AIDP. the axonal membrane in motor fibres in AVIAN, both 
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motor and sensory nerve fibres in AMSAN, and nodal regions 
of the ocular motor nerve and distal nerve terminals in MFS 
(Willison & Yuki, 2002; Ruvvabara. 2004). 

Antibodies against gangliosides have been consistently 
detected in 2 subtypes of GBS: A MAN and MFS. Antibodies 
to gangliosides GM1, GMIb. GDI or GalNAc-GDIa are 
thought to play a role in the pathogenesis of AVIAN (Ogavvara 
et af. 2000: Willison & Yuki, 2002), and antibodies against 
GQlb in the pathogenesis of MFS (Chiba et af. 1993; Willison 
& Yuki. 2002). lgG and complement are also deposited in the 
nerves ( Hafer-Macko et af , 1 996). Molecular mimicry triggered 
by C. jejuni is the implicated mechanism in AMAN (as 
discussed earlier). This bacterial infection generates antibodies 
against the gangliosides GMI, GDIb or GDI a which are 
present on the myelin sheath: in turn, the lgG from GBS patients 
cross-reacts with oligosaccharide structures on C. jejuni which 
are identical to those present in the peripheral nerves (Ogawara 
et af, 2000; Willison & Yuki, 2002; Aug et af, 2004: Yuki et aL 
2004). Although the pathogenesis of GBS is not fully 
understood and both T and B cells are involved, in at least 
some subtypes the disease is most likely mediated by 
complement-fixing antibodies, which are responsible for 
demyelination and conduction block (Kieseier et af , 2004). 

6.10. Chronic, 

antibody-associated f iem\v!i>iatinf> pah neuropathies 

There are 3 main subsets of antibody-associated poly- 
neuropathy: chronic inflammatory demyelinating polyneuro- 
pathy (CIDP), multifocal motor neuropathy (MMN) and IgM 
anti-myelin-associated glycoprotein (MAG) demyelinating 
neuropathy (Kornberg & Pestronk. 2003; Czaplinski & 
Steck, 2004: Kieseier et al„ 2004). In CIDP, both cellular 
and humoral mediated mechanisms are involved. The 
implicated antibodies, although not proven to be pathogenic, 
are directed against glycolipids, GMI or Po (Yan et al.. 2000). 
lgG and complement are deposited in the nerves (Dalakas & 
Eingel, 1980; Hays et al.. 1988). In half of the patients with 
multifocal motor neuropathies, IgG GMI antibodies are 
detected (Nobile-Orazio, 2001) but their pathogenic role has 
not been established. In anti-MAG neuropathies, the anti- 
bodies nrc directed against M Ui or glv colipids and are 
produced by a monoclonal population of plasma cells (Ropper 
& Gorson, 199K; Dalakas, 2001; Nobile-Orazio. 2004). These 
antibodies are thought to be pathogenic because IgM is 
deposited on the myelin and splits the myelin lamellae, anti- 
MAG antibodies can transfer the disease to animals, and IgM 
anti-MAG disrupts normal cellular interactions by activating 
the complement pathway (l.atov. 1994: Dalakas & Quarks. 
1996; Ropper & Gorson, 1998: Qnarles & Weiss. 1999: 
Dalakas. 2001; Nobile-Orazio, 2004). 

7. Agents currently used for the 

treatment of autoimmune neurological disorders 

Given the role of the immune system in the pathogenesis of 
these disorders, immunomodulatory treatment is often used. 



However, the applied immunotherapies are not targeted directly 
to B cells or the disease-specific autoantibodies, and include 
various immunosuppressants or immunomodulating drugs and 
procedures used tor both T and B cell-mediated disorders. The 
following agents are currently used (Gold et af. 2003: Hohlfeld 
& Dalakas, 2003). 

7.1. Glucocorticoids 

Glucocorticoids are the most widely and frequently used 
dmgs in the treatment of these disorders. Steroids, by modifying 
immunoregiilatory transcription factors, have an effect on 
cytokines and T cell functions, causing a shift from Th, to 
Th 2 cytokine production (Daynes & Araneo. 1989), and the 
distribution and trafficking of T cells and macrophages. It is 
unclear, however, if steroids have an effect on antigen- 
presenting cells, B cells or their trafficking to the CNS. Their 
effect on antibody production seems to be insignificant, 
although steroids are effective in certain antibody-mediated 
neurological disorders such as myasthenia gravis and [.EMS, 
and decrease FgG synthesis in the CSF of MS patients (Smith et 
al., 1998). Their effect in disorders that are caused by combined 
humoral and T cell-mediated mechanisms is mixed. For 
example, they are effective in acute relapses of MS patients, 
in myasthenia gravis, CIDP and dermatomyositis but not in 
GBS, anti-.MAG-mediated neuropathies, paraneoplastic disor- 
ders, or primary progressive MS (Smith et af, 1 998; Gold et af. 
2003; Hohlfeld & Dalakas. 2003). 

7.2. Azathioprine and mycophcnolate inofetil 

Azathioprine (AZA) and mycophenolate mofetil (MMF) act 
primarily on proliferating lymphocytes (Lipsky. 1996). In vitro 
studies with AZA have demonstrated effects on both T and B 
cell functions, including antibody responses. These drugs 
appear helpful as steroid-sparing agents in certain autoimmune 
or antibody-mediated disorders such as MS, myasthenia gravis, 
LEMS, CIDP and dermatomyositis (Smith et af. 1998; 
Chaudhry et af, 2001; Ciafaloni et af. 2001), but they are 
ineffective in stiff-person syndrome, paraneoplastic disorders, 
MMN or anti-MAG neuropathy patients. 

~J. Immunophilin-binditig agents 
fevt losporine, sirolimus, tacrolimus) 

( 'yclosponne and tacrolimus inhibit the phosphate calci- 
neurin and its substrate, the nuclear factor of activating T 
cells (NFATj. and prevent the transcription of mRNA for key 
cytokines including IL-2 (Abraham, 1998: Guo et af, 2001; 
Hohlfeld & Dalakas, 2003: Gold et af. 2003). Sirolimus acts 
by controlling phosphorylation of proteins involved in the 
cell cycle. Cyclosporine offers a marginal benefit in MS 
(Rudge et af, 1989) and is ineffective in anti-MAG 
neuropathy, but provides some help in myasthenia gravis 
(Tindall et af. 1987) and CIDP. Tacolimus, in preliminary 
studies, seems to be promising in patients with MG (Vincent 
& l.eite. 2005). 
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7.4. Methotrexate 

Methotrexate inhibits the enzyme dihydrofolate reductase 
and affects purine and thymidine biosynthesis. As a result, it 
acts mi rapidly dividing ceils. Methotrexate has shown some 
benefit, mostly in the upper extremities, of MS patients 
(Goodkin et al., 1995) but it is generally of limited benefit in 
the autoimmune neurological disorders discussed above. It is 
predominantly used in dermatomyositis. 

7. 5. Cyclophosphamide 

Cyclophosphamide is an alkylating agent able to intercalate 
into the DNA helix, and which acts on rapidly dividing cells. 
Cyclophosphamide affects the numbers and functions of T and 
B cells. It is of help to some patients with MS (Smith et al., 
1998), myasthenia gravis, dermatomyositis and CIDP. but long- 
term serious toxicity limits its use. In myasthenia gravis, very 
high doses of cyclophosphamide are said to "reboot" the 
immune system, with very promising preliminary results in a 
limited number of patients (Draehman et al.. 2003). 

7.6. Mitoxantrone 

Mitoxantrone acts on both DNA and RNA synthesis. It 
causes apoptosis of B cells and preferentially the CD19- 
positive cells (Chan et al., 2005), but also other antigen- 
presenting cells. It also inhibits the activation of T helper cells 
and cytokines (Neuhaus et al., 2004). It has been shown to 
exhibit clinical effectiveness in MS, but has not been 
systematically studied in other B cell-mediated neurological 
disorders (Jacobs et al., 1996). Cardiotoxicity limits its use 
beyond a 2-year period. 

7. 7. Interferon-^ 

Interferon (lFN)-fs preparations <lFN-(Ub and lFN-l.Ma) 
exert an immunomodulating action, probably by affecting the 
expression or modulation of MHC-II molecules, metalloprotei- 
nases, and cytokines or, theoretically, by exerting an antiviral 
effect against elusive viruses. They are effective in relapsing- 
reinitting VIS but not in secondary progressive MS, CIDP or 
GBS (Dayal et al., 1995; Brod et al.. 1996; IFNB Multiple 
Sclerosis Study Group & UBC MS MR1 Analysis Group, 
1996). 1FN-12, is not used in other B cell or antibody-mediated 
neurological disorders. 

7.8. Glatiramer acetate 

Glatiramer acetate (formerly known as copolymer-1) is a 
synthetic copolymer of i -glutamic acid. L-alanine, (.-lysine 
and t.-tyrosine. It probably induces regulatory T cells which 
affect T-cell mediated inflammation in VIS lesions. Glatiramer 
acetate may also induce an antibody-mediated repair of 
demyelinated lesions (Ure & Rodriguez, 2002). It is effective 
in relapsing remitting MS but not in primary or secondary- 
progressive VIS. 



7.9. Intravenous immunoglobulin 

Prepared from lgG from healthy donors. 1\ Ig has multiple 
actions on the immune repertoire, including an effect on 
circulating antibodies by. supplying idiotypes or affecting 
antibody production, suppressing cytokines, inhibiting com- 
plement activation, modulating Fc receptors on macrophages 
and interfering with antigen recognition (Ka/atchkine & 
Raven, 2001; Dalakas, 2004). IVIg has been shown to be 
effective in B cell or antibody-mediated neurological disorders 
including myasthenia gravis. LEVIS, stiff-person syndrome 
and dermatomyositis. IVIg is also effective in disorders where 
both B celts and T cells are critical, including CIDP, GBS. 
MMN and relapsing-remitting MS. IVIg is not effective in 
anti-MAG neuropathies, paraneoplastic syndromes or chronic 
progressive MS (Dalakas, 2004). 

7.10. Plasmapheresis 

Plasmapheresis removes autoantibodies and inflammatory 
mediators. It offers substantial benefit in the treatment of 
autoantibody-mediated diseases Mich as myasthenia gravis and 
[.IMS. Plasmapheresis is also effective in GBS and CIDP, and 
may offer some benefit in patients with Devic's disease and in 
some cases with acute severe attacks of CNS inflammatory 
demyelination (Keegan et al., 2002). Plasmapheresis is not 
effective in MMN. anti-MAG demyelinating neuropathies, 
paraneoplastic syndromes and dermatomyositis. 

7. 11. Bone marrow or peripheral 

blood hematopoietic stem cell transplantation 

Intense immunosuppression (immunoablation) followed by 
allogenic or autologous hematopoietic stem cell transplantation 
(IISCT) has been advocated in some autoimmune disorders 
(van Bekkum, 2000; Fassas et al.. 2002). Preliminary 
experience in patients with MS suggests that the procedure is 
feasible with some positive results but with significant mortality 
(van Bekkum, 2000; Fassas et al.. 2002). 

8. The merit of B cell depletion 

using new agents in the treatment of neurological 

disorders: evidence beyond autoantibody reduction 

The pathogenic role of autoantibodies in the CNS and PNS 
disorders discussed above provides a sound rationale for 
investigating whether the depletion of B cells will improve 
clinical signs and symptoms of neurological disorders and, 
potentially, restore normal immune function. This approach 
would offer the potential of an alternative therapy to the 
management of these diseases, particularly as many have no 
curative treatment. Depletion of B cells may be beneficial not 
only by reducing antibody production, but also by inhibiting the 
antigen-presenting role of B cells and the cytokine network 
which is fundamental for stimulating T cells and macrophages. 
Two approaches that affect B cells and show potential as 
targeted therapy in the treatment of autoimmune neurological 
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disorders are antagonism of B lymphocyte stimulator (BLyS) 
protein on B cells [also called BAFF (Fig. 1)], which is being 
evaluated as therapy for SLE, and the use of the monoclonal 
anti-B-cell antibody rituximab, which is being evaluated in a 
number of autoimmune neurological disorders. In patients with 
B cell or autoantibody-niediated disorders which are inade- 
quately responsive to any of the traditional treatment modalities, 
such as chronic progressive MS. paraneoplastic disorders and 
anti-MAG neuropathy, these drugs may offer a promising new- 
mode of therapy. They may also provide a more targeted and 
effective therapy in some of the other disorders previously 
described, including myasthenia gravis, stiff-person syndrome, 
dermatomyositis, MMN or C1DP, when patients have become 
unresponsive or are inadequately controlled with the established 

A human anti-BLyS monoclonal antibody, belimumab 
(LymphoStat-B IM ), inhibits BLyS-induced proliferation of B 
cells in vitro, prevents human BLyS-induced increases in 
splenic B cell numbers and IgA titers in mice, and causes B cell 
depletion in the spleen and lymph node of cynomolgus 
monkeys (Baker et al., 2003). In a Phase I study in SLE, 
belimumab appeared to be well tolerated and caused a reduction 
in circulating CD20* B cells (StohL 2004). Further clinical 
investigation of belimumab is ongoing and several other anti- 
BLyS antagonists, as well as agents that target BLyS receptors 
on B cells, are in development for use in humans. However, 
their utility in neurological disorders is unknown at present. 
Anti-BLys (BAFF) therapy could be an attractive target for MS 
because BAFF is inappropriately upregulated in the MS brain 
(Krumbholz et al., 2005). Because elevated BAFF levels have 
been seen in other autoimmune disorders and prolong the 
survival of autoreactive B cells (Mackay & Tangye. 2004), 
targeting this subpopulation of B cells could be a viable 
therapeutic option. 

Rituximab is a genetically engineered chimeric anti-CD20 
monoclonal antibody approved for the treatment of relapsed or 
refractory low-grade or follicular CD20-positive B cell non- 
Hodgkin's lymphoma. Rituximab causes selective depletion of 
CD20-positive pre-B and mature B cells, but not stem cells or 
plasma cells (Fig. 1 ). Multiple mechanisms have been proposed 
to be involved in rituximab-induced B cell depletion, including 
antibody-dependent cellular cytotoxicity, complement mediated 
cell lysis, and induction of apoptosis of B cells (Reff et al, 
1094). Rituximab may have a synergistic apoptotic effect with 
steroids. However, its effect on B cell depletion is transient and 
B cell Depopulation begins to occur from the unaffected stem 
cells and after 6 months (Mcl aughlin et al, 1 998; Grillo-Lopez 
et al.. 2002). 

The B cell depletion induced by rituximab may not only 
decrease de novo antibody production, but could also inhibit the 
role of B cells as antigen-presenting cells and can down-regulate 
the important co-stimulatory signals required for clonal 
expansion of T cells. Further, B cell depletion could have an 
effect on activation of macrophages or formation of immune 
complexes, because B cells activate macrophages and comple- 
ment via TNF-a. 11.-6 and 1L- 10 (as discussed previously). As a 
result, rituximab-induced B cell depletion may be beneficial in 



theory not only to antibody-mediated disorders of the CNS or 
PNS such as stiff-person syndrome, myasthenia gravis and 
MMN, but also for those where both B and T cells contribute to 
disease pathogenesis, such as MS, C1DP, GBS and paraneo- 
plastic disorders. 

Preliminary results with rituximab in autoimmune neurolog- 
ical disorders are encouraging, and suggest that further 
investigation in controlled trials is warranted. Case reports or 
prospective open-label studies have shown that rituximab can 
improve neurological >\mptoms in the treatment of a range of 
diseases, such as Dermatomyositis (Levine, 2005), myasthenia 
gravis (Zaja et al.. 2000; Wylam et al.. 2003). demyelinating 
IgM neuropathies, C1DP or multifocal motor neuropathies 
(Levine & Pestronk. 1999; Kasarnon et al, 2002; Pestronk et 
al.. 2003; Renaud et al., 2003; Ruegg et al., 2004), certain 
paraneoplastic autoimmune neurological conditions (Weide et 
al.. 2000; Arzoo et al. 2002; Liberate et al, 2003; Sansonno et 
al.. 2003). and MS (Sruve et al.. 2005). An effect in primary 
progressive MS may be due to depletion of B cells in the 
periphery rather than within the CSF (Monson et al., 2005). 
Most importantly, rituximab appears to be well tolerated in non- 
malignant disorders. In some controlled trials, such as a study 
conducted in rheumatoid arthritis, rituximab appears to have a 
synergistic effect with immunosuppressants (i.e.. methotrexate) 
without potentiating or precipitating any additional side effects 
(Edwards et al., 2004). Future clinical trials are required to 
clarify this finding. 

9. Conclusions 

There is no doubt that B cells play an important role in the 
pathomechanisms of certain autoimmune neurological condi- 
tions, some of which respond poorly to available therapies. 
Results from human and animal studies have improved our 
understanding of B cell physiology in neurological disease, 
which may have important therapeutic implications. Modulation 
of B cell function, such as B cell depletion, provides a novel 
approach to the treatment of neurological disorders not only by 
affecting autoantibodies but also by inhibiting the role of B cells 
as antigen-presenting cells and downregulating the clonal 
expansion of T cells. As such, B cell depletion using specific 
monoclonal antibodies has the potential to be a valuable 
therapeutic approach for the treatment of MS, autoimmune 
neuropathies, dermatomyositis, myasthenia gravis or paraneo- 
plastic CNS diseases. Controlled clinical trials using B cell 
targeted therapies are needed to confirm the potential benefit of 
this novel and promising therapeutic option. 

References 

Ahraham. R. T. tlWsl. Mammalian target ot rupjnrvcm: tmmunowppriMMVc 

Alter A Duddv M . Hebert. S Biemack,. K . Prat. A.. Antel. J. R. ei al. 

ceils. ./ Immunol HO. 4497 4505. 
Aug. C. W . Jacobs. B C. & Lamar,. J. D (2no4) The Ciuiliain-Barrc syndrome: 



ikas ■' Pluirmoeologe & Therupemies 112 (2006) 57- 50 



iwfoni, D. H.. & Bell 



I. E. (2003). B lymphocytes m 
iociated lymphoid infiltrates 



Avery. D. T.. Ellyard. J. 1 . Mackuv. F.. i. oreoran. L. M.. Hodgkm. P 1).. & 
Tangyc. S. G. 12005 I. Increase;! expression of CD27 on activated human 
memory H cells correlates with their commitment to the plasma cell lineage. 
J Immunol 174. 4014 -4042. 

Baker. K. P.. Edwards. B. M. Main. S. H„ Choi, G. R. Wager. R. E.. Halpcni. 
W. G.. et al. (2003). Generation and characterization of LymplioStat-B. a 
linniail monoclon.il untibo.lv that antagonizes the hioact o ttws of t! 
lymphocyte stimulator. Animus Rheum 4,5. 3253-1263. 

Baranzim. S. E.. Jeong. M. C, Butunot. C. Murray. R. S„ Bernard, C. C. & 
Oksenberg. 1 R. (1999). B cell repertoire diversity and clonal expansion in 
multiple sclerosis brain lesions. ./ Immunol 163. 5113-5144, 

Bar-Or. A.. Oliveira, E. M.. Anderson. D. E.. Krieger. J. 1.. Duddy. M„ 



of patients with multiple sclerosis. Pnx \.n! Jo/,/ Sci USA 101. 
11064 U069. 

Cross. A. H., Trotter. J. L.. & Lyons. J. (2001). B cells and antibodies in CXS 
demyelinating disease. .1 \\iironnmnnol ill. 1-14. 

Oaplinski. A.. & Steck. A. J. (2004). Immune mediated neuropathies: an update 
on therapeutic strategies.,/ \, urnl 751. 127-137. 

Dalakas, M (' ( 200 1 ) Autoimmune peripheral neuropathies, hi R R. Rich, 
T. A. Fleisher. W. T, Shearer. B. L. Kotzin, & H. W. Schroeder (Eds.). 
Clinical Immunology (pp. 78.1 7X17). St. Loins: Mosby Year Book Inc. 

Dalakas, M. C (2004), Intravenous immunoglobulin m autoimmune neuro- 
muscular diseases. JAMA 791, 7367 -2375. 

Dalakas. M..& Engel. \V. K. 1 1980). Immimoglohuhri and complement deposits 
in nerves of patients with chronic i elapsing poi\ neuropathy Arch ,\eurol A 7. 



, ilohhck 



I, i'olvimos 



and den 



or, f. Rubner. P . Schaut/cr. !• . Fug. R .. 1 -linei. H . Mav rmeer. h. et al. 
2003). Antimyelin antibodies as a predictor of clinically definite 
nultiple sclerosis after a first demyelinating event. N Engl J Med .14V. 
39-145. 

, S. A.. Marshall. G. D„ Henninger. E. M„ Sriram. S.. Khan. M„ & 
Volinsky, .1. S. (1996). Intcrfcrou-gMt, treatment decreases rumor necrosis 
actor-cx and increases iiitcrlcukiu-ti production in multiple sclerosis. 



( arpeiuier. A, P. ci Delaltre. .1, V. 17001 l The [ .ambert-1 :aton myasthenic 

syndrome. Clin lie v Allergy Immunol 70, 155-158. 
Carson. D. A.. Chen. P. P.. & Kipps, T. .1. (1991). New roles for rheumatoid 



>r. ,/ ( 7m 



r . 379. 383. 



Cepok, S.. Jacobsen, M.. Schoek. S„ Omer. B.. Jaekcl, S.. Boddeker. 1.. et al. 

(2001). Patterns of cerebrospinal fluid pathology correlate with disease 

progression m multiple si leo-sis AYum ; 74, 2! on 21"'. 
Cepok, S„ Rosehe. B.. Grummel, V., Vogel, F.. Zhou. D.. Sayn. J,, et al. (2005). 

Short-lived plasma blasts are the main B cell effector subset during the 

course of multiple sclerosis. Brain 178. 1667-1676. 
Chan, O. T., Haiinum, L. G.. Habennan. A. M„ Madaio. M. P., & Shlomehtk. 

M. J. (1999). A novel mouse with B cells but lacking serum antibody 

Med 189. 1639 1648. 
Chan, A.. Weilbach. F. X., & Toyka. K. V. (2005). Mitoxantrone induces cell 

death in peripheral blood leucocytes of multiple sclerosis patients. Cluiii 

and Experiment Immunol 139, 152-158. 
Chandhry, V.. Comblath. D. R.. Griffin. J. W.. O'Brien. R„ & Draehman. D. B. 

(200 1 ). Mycoplieuolatc moletil: a safe and promising immunosuppressant m 

neuromuscular diseases. V,. urnlns;\ .To. <>4 96. 
Chiha. A , Ktisunoki. S.. Obata. [I . Maehmami, R.. & kana/awa, 1. I 1993 i. 

Serum anti-l H.llb let 1 armhodv is associated with ophthalmoplegia in Miller 

Fisher syndrome and Guillain-H.inc syndrome chmcal and immmiohisto- 

chemical studies Wnmlov) Jv . 1911-1917. 



lafalom. E., Mass 
Mycophenolate 

olombo. M.. Don 



:r- lapse, 



(god! i 



n-label pilot 



y related B lymphocy 



Dalakas, M. C. Fujit. M.. Li. M.. & MeLlroy. B. (2000) The clinical spectrum 

of anti-GAD atmhodv -positive patients with stiff-person syndrome. 

NaimhigySS. 1531-1535. 
Dalakas, M. C, Li, M.. Fttjii. M„ & .lacobowitz. D. M. (2001). Stiff-person 

syndrome: quantification, specificity and intrathecal synthesis of GAD65 

antibodies, .Vewro/ogy 3 7. 780 7S5. 
Dalmau. J.. Grans. E. Rosenblum. M. K.. & Postier, J. B. (1992). Anti-Hu- 

associated paraneoplastic encephalomyelitis, sensors neuropathy: a clinical 

Dayal, A. S., Jensen. M. A.. Lledo. A., & Amason. B. G. W. (1995). Interferon- 

gamma secreting cells in multiple sclerosis patients treated with lnterleron 

beta- lb. Neurology 45. 2 173 - 2177. 
Dayncs. R. A.. & Araneo. B. A. (1989). Contrasting effects of glucocorticoids 

on the capacity of T cells to produce the growth factors interleiikiii 2 and 

interlenkin 4. Eur J Immunol 19, 2319-2325. 
Dinkel. K.. Meinck. H. M., Jury. K. M.. Karges. \V„ & Richter. W. (1998). 

Inhibition of ganmiu-aminoluilyric acid synthesis In glutamic acid 



.•earbos 



Draehman. D. B. <I'W4). Myasiliema gravis -V l-nyj ./ Med 330. 1 797 -1810. 
Draehman, D, B., Jones. R. J.. & Brodsky. R. A. (2003). Treatment of refractory 

myasthenia: "rebooting" with high-dose cyclophosphamide. Ann Neurol 53. 

29-34. 

Duddy. M. E„ Alter. A.. & Bar-Or. A. (2004). Distinct profiles of human B cell 
effector evtokmes: a role in immune regulation',' ,/ Immunol 173. 
3422-3427. 

Edwards. J. C. W.. Cambridge. G., & Abrahams, V. M. (1999). Do self- 
ncipemating B lymphocytes drive human autoimmune disease',' Immunology 
07.188-196. 

Edwards. ,1 (.'., S7c/epan,ski. 1 . S/cclunski, J., f iltpovv ic/-Sosnowska, A.. 
Emery. P.. Close, D. R„ et al. (2004). Efficacy of B-eeli-targcted therapy 
with ntimmab m patients with rheumatoid arthritis V fuel .1 Med 550. 



senstein. 1) \ 



t Pitchman. L. M. (19'; 



iiig cells for CD4" T 



;an. B. P.. Campbell. A. K... Wilkins. 
al. (1989). lmmunocytochemicat locah 
t complex in multiple sclerosis, Venn 



cell-mcLhated cytotoxicity in sime diseases, and mipliealions lor the 
pathogenesis of the diffeieut iiifainniaior. myopathies. Hum I'aiiud 17. 
704-721. 

assas. \„ Passweg, J. R . Anagno-topoulos. A.. Ka?is. A.. Ko/ak. T. 
Havrdova, E.. et al. (2002). Autoimmune Disease Working Party of the 
EBMT (European Group for Blood and Marrow Transplantation). 



M.C. Dnhikus / PhanMt ology & Tlwnipcuncs 112 (2006) 57 70 



Gena.n. C. P.Cannclla. I).. Manser. S I... i Raine. C S (1499) Identification 
of autoantibodies associated with myelin damage in multiple sclerosis. ,V«f 
Med 5. 170-175. 

Gene. K... Dona. D. L.. & Reder. A. T. (1997). Increased. C.D80 B cells in 

active multiple sclerosis and reversal b\ interferon p-lb therapy. J Clin 

hw.U 99. 2664- 2671. 
Gold. R„ Dalakas. M. C. & Toyka. K. V. (2003). [mimmothcrapy in 

autoimmune neuronitis' ular disordei-s /.,im cl Wuruloyv 2. 22 ; 2 
Goldsby. R. A.. Kindt. T. J., & Osborne. B. A. (2000). Kuby immunology. 4th 

edn. New 'fork: \v H f reeman and Company. 
Gaadkin. D. E.. Rudick. R. A„ VanderBnig Medendcirp, S„ Daughtry, M. M.. 

Schwetz, K. M.. Fischer. J., el al. (1995). Low-dose (7.5 mg) oral 

methotrexate reduces the rate ot protycsxion in clnonic progressive multiple 

sclerosis. Ann Netvol 37. 30-40. 
Grans. E. Keime-Giiibert, R. Rene, R.. Benyahia, B.. Ribalta. T„ Aseaso. C. 

et al. (2001). Anti-Hu-assoctatcd paraneoplastic encephalomyelitis 

analysis of 200 patients. Brain 24. 1 138-1148. 
Grillo-Lupez, A. J.. Hedriek. F... Rashford, M., & Benzines. M. (2002). 

Riluximab: ongoing and future clinical development Scnun Oncol 2V. 

105-1 12. 

Guo. X.. Dillman 111. J. F.. Dawson, V. L.. & Dawson, T. M. (2001). 



:. Y.. 



r. w., 



t. D. R... 



625-635. 

Halm. A. F. (1998). The Guillain- [Jarre syndrome. Lmicel 352. 635-664. 
Han. 1. K... Maddison. P.. Newsom-Davis. J„ Vincent. A., & Mills. K. R. (2002). 

I'henotypie \anant.s of autoimmune peripheral ncivc hvpercxcilanihtv 

Brain 125. 1887-1895. 
Hassin-Baer. S., Kirson. E. D.. Shuhnan. L., Buchuian, A. S.. Bin. H., Htndiyeh. 

M., et al. (2004i SmT-person syndrome following West Nile fever. Arch 

Neurol 61. 938 941. 
Hays. A. P.. Lee. S. S..& Latov. N. ( 1 988). Immune reactive C3d on the surface 

Hohlfeld. R.& Dalakas. M. C (200.'} Basic principles of immimotherap\ for 
neurologic diseases. Semin Xcurol 23. 121 132. 

IFNB Multiple Sclerosis Study Group. UBC MS MRI Analysis Group. ( 1 996). 
Neutralizing antibodies dun tie treatment of multiple sclerosis with interferon 
beta- lb: Experience during the first three years .Veum/rnp 47. 889- S<*4. 

Jacobs. L. D.. Cookfair. D. L.. Rudick. R. A., Herndon. R. M.. Richert. J. R.. 
Salazar. A M. et al (l')<>(,) Intraniliseular inlerteion beta-la for disease 
progression in relapsing miiliiple sclerosis inn \Va»i/ 3V. 285 294. 

Jensen. K. B„ Dredge. B. K.. Stetani. (.,.. Zhong. R . Bnekanovieh. R. J.. Okano. 
I I J . et al. (21100), \ova-l i emulates neuron -specific alternative splicing ami 
is essential for neuronal viability \\;<r,,n 25. 35') VI 

Kasamon. Y L.. Nguyen. T. N.. Chan. J. A.. & Mascimcnto. A. F. (2002). EBV- 
ass(H-iate.l lymphoma and chronic mtl.imm.iuuv demvelinaimg polyneuro- 
pathy in an adult without overt immunodeficiency. Am J Hematol 69. 



. McCleilan. 



.. Darby. (. 



z. M.. & 
of CNS 



demvelin.itinn predictors of response Xcurolov?: J,S. 143-14* 
eegan. M.. Komg. E, McClelland. R.. et al. mm). Relation between humoral 

pathological chances >n multiple sclerosis and response to therapeutic 

plasma exchange. Urn, 7 366. 579-5X2. 
icseier. B. C. Kiefer. R.. Gold. R.. Hemmer. B.. Willison. H J . A Naming. 

M • i ii ng am itincn nimime-i i 

disorders of the peripheral nervous system, i/aui Wrvv 30. i'l I 5o 



Knopf P. VI. . Harhng-Berg. C. J.. Csen". H. F. Basu. 1).. Simlnick. F. J., Nolan, 
S (. . et al. (1998). Antigen-dependent intrathecal antibody synthesis in the 
normal rat brain: tissue entry and local retention of antigen-specific B cells. 
J Immunol 161, 692 701. 

Kambcig, A. J.. & Pcstronk. A. t 20054 Antibody-associated polyneuropathy 

Krumbholz. M., Theil, D . Dei fuss. I . Rosemvald. \ Schiader. P.. Monorami. 

C. VI.. et al. (2005), BAFF is produced by as'rocytes and up-regulated in 

multiple sclerosis lesions and primary central nervous system lymphoma, 

J Exp Med 201. 195 - 200. 
Kiivvabara. S. (2004). < hnllaui-Barrc ss ndroine, epidemiology, pathophysiology 

and management f>niy> 64. 3 cr (.10. 
Latov. N ( 1 'I'M 1. Antibodies to gl\ coconnigates in neuropathy and motor 



ii Res i 



5-303. 



Lennon. V. A., Kiyzer. T. J.. Pittock, S. J., Verkman, A. S.. & Hinsctn, S. R. 
(21)05). lgG marker of optic -spinal multiple sclerosis binds to the aqnaponn- 
4 water channel. J Exp Med 202. 475 -4 7 7. 

Levine. T D, (2oiiS| Kmismi.ih in the trcitmcnt of demiatomyositis: an open- 
label pilot study. Arthritis Rheum 53, 601 607. 

Levine. T. D.. & Pcstronk. A. I 1499). IgM antibody-related polyneuropathies: 
B-eell depletion chemotherapy usms ritnxiniab. Veu/vi/ogi 52, 1701 1 7 04. 

Levin. VI. C. Lee. S. M.. Moreos. Y„ Brady. J.. & Stuan. J. (2002). Cross- 
react i\ it> between iniiiiiinodomin.il a human T 1\ mphotropic virus type I tax 
and neurons: implications for molecular mimicry. J Infect Dis IH6. 
1514-1517. 

Liberate. B.. Riethmuller. A.. Comenzo. R. I.., Lis. E.. & Raizer. J. J. (2003). 

Lipskv J J (l'Woi M ihenolate Mofet.l '.,„< W 1457 1454. 

Lipsky, P. E. (2001). Systemic lupus erythematosus: an autoimmune disease of 
B cell hyperactivity. Nat Immunol 3. 764-766. 

Lueehinetti. C. Brack. W.. Paris), J.. Scheithauer. B.. Rodriguez. M.. & 
Lassiiuinn, 1 1 i2oOii) I leterogcncitc of multiple sclerosis lesions- implica- 
tions lor the pathogenesis of ilomyclin.it ion. Am: Xcurol 47. 707 - 717. 

Lueehinetti. C. E. Mandler, R. N.. McGavern. D.. Brack. W.. Gleich. G.. 
Ransohoff, R. M„ et al. (2002). A role for humoral mechanisms in the 
pathogenesis of Devie's neuromyelitis optica. Srain 123. 1 450 - 1461. 

Mackay. E, & Tangye. S. G. (2004). The role of the BAFF/APRIL system in B 
cell homeostasis and lymphoid cancers Curr Opm I'harnuu ol 4. 347 -354. 

Mancarai, G„ Han. B. A.. Capello. R„ Brak. H, P.. Ben-Nun. A.. Roccatagliata. 
L.. et al. 120(H)). Restricted immune responses lead to CNS demyelination 
and axonal damage. J Neuroimmwwl 107. 1 78- 1 83. 

McLaughlin, P.. Grillo-Lopez. A. J.. Link. B. K.. Levy. R.. Czucz.nan. M. S.. 
Williams. M. E., Heyman. M. R.. et al. (1998). Riluximab chimeric anli- 
(. 1 120 monoclonal antibody therapy for relapsed indolent lymphoma: half of 
patients respond to a four-dose treatment program. J Clin Oncol 16. 

Mix. F„. Olsson. T.. Carreale. J.. Baig. S.. Kostulas. V., Olsson. O.. et al. (1990). 

B cells expressing ( i>5 are increased ui cerebrospinal fluid of patients wiih 

mnliiplc sclerosis. Ctm A'v/i Immunol "'>. 21 27. 
Monson. N. [.., Cravens. P. D„ Frohman. E. M.. Hawker. K„ & Racke. M. K. 

(2O05i E fleet o! Rinixmiah on the peripheral flood and cerebrospinal tlmd 

B cells m patients with prmai> progressive imiltiplc sclerosis toll Xcurol 

62. 258-264. 

Neuhaus. ()., Kieseicr. B. C. & Hartung. H, P. (2004). Mitoxantrone 
mnlriple sclerosis, neve insights. Expert Rev Xcuroiher 4. 



17-2 



sobile4 



izio. f (2001) Multifocal motor neuropathy. J .V.im 



. E. 



IgM r 



iieuropathies 



// 113. 



r (>!<„, 



Ogawara. K.. Kuwabaia. S.. Men. M.. Hattori. T . Koga. VI . & Vukr \. (2000). 
Axonal Guillam-Barre syndrome: relation to anti-ganglioside antibodies and 
Ciimpxlohui 'or ; e/i//n infectK/n m Japan. Inn \euwl 4S. i>24 -r>3 1 

Owens. G. P. Ritchie. A. M.. Burgoon, M. P . Williamson. R A.. Corboy. J. R.. 
& Gilden. I), H. (2003). Single-cell repertoire analysis demonstrates that 
clonal expansion is a prominent feature of ihe B cell response m multiple 



I fluid. ./ 



\f.C. Dalakas : Pharmacolo^ & Therapeutics ill (2006) 57 70 



Pestronk. A.. Florence. J.. Miller, T.. Choksi. R.. AI Lozi. M. T.. & Levine. T. D. 

ntiou iu, / ' ,,„./ \. ; , /' , hunrv -J. 4S> 4S9. 

Pranzntelli. V1. R., Travelstead, A. L.. Tate, K. D.. Allison, T. J.. Moticka, E. J . 
Franz, D. ».. ct al. (2("h)4h! B- and T- ceil markers in ops.Klonus-iiiyocloniis 
syndrome: uninunophenorypiiig of CSF lymphocytes. Seuroliigv 62. 
1526-1532. 

Pranzatelli, M. R„ Travelstead, A, L„ Tate, E. D„ Allison, T. J., & Verhulst. S. J, 
(2004b). CSF B-cell expansion in opsoclonus-myoclonus syndrome: a 
bioitiarker of disease activ ity. \{,)v Disord 19. 770-777. 

Qin. V., Duquette, P., Zhang. Y„ Talbot. P., Poole, R., & Antcl. J. ( 1 998). Clonal 
expansion and somatic h\ permutation of VH genes of B cells from 
cerebrospinal fluid in multiple sclerosis ./ Clin hwn HC. I 'i-4.^ 1050. 

Qin. Y. Dnquetie, P., Zhang, Y. Olek. M„ Da. R. R„ Richardson. J., et al. 
(2003). Intrathecal B-cclI clonal expansion, an early sign of humoral 
immunity, in the cerebrospinal fluid of patients with clinically isolated 
syndrome suggestive of multiple sclerosis. Lab Invest 1081-1088. 

Quarks. R. H., & Weiss, M. D. (1999). Autoantibodies associated with 
peripheial neuron;, ihv. Uieelr Verve 22, 800--822. 

Ragheb. S . & lusak, R. P. (199X). Iminune regulation and myasthenia gra\ is. 
Ann ,V YAcadSciMI, 210-224. 

Raine. C. S., Caiinella, B,, Hauser. S. I. ... & Genain, C. P. ( 1999). Deniyelination 
in primate autoimmune encephalomyelitis ami acute multiple sclerosis 
lesions: a case lor antigcn-spccihc antibody uiediatioti. Aim Neurol 46. 

Raju, R., Foote, J., Banga, J. P., el al. (2005). Analysis ofGAD65 autoantibodies 

in Stiff-Person syndrome patients. J Immunol 7.5, 7755 -7762. 
Reff. M. E., Carner. K„ Chambers. K. S.. Chiini, P. C. Leonard. J. F... Raab. R.. 

ei al. (1994). Depletion of B cells in vivo by a chimeric mouse human 

monoclonal antibody to ('1)20. Illooil .S'.l. 435-445. 
Reindl, M., Linington, C„ Brehm, LL Egg. R., Dilitz. E.. Deisenharnmet. F, 

et al. (1999). Antibodies against the myelin oligodendrocyte glu-opiotein 

and the myelin basic protein m multiple sclerose and other neurological 

diseases: a comparative study. Brain 122, 2047 2056. 
Rewind, S., Gregor, M„ Fuhr, P.. Lorenz, I).. Deuselil, G.. Gratwohl, A., et al. 

(20031 Rituximah in the Ireamienl of polyneuropathy associ.ued with ami- 

MAG antibodies. Musele Nerve 27, 61 1-615. 
Ritchie, A. M., Gilden, D. H., Williamson, R. A.. Burgoon, M. P.. Yu. X.. Helm. 

K., et al. (2004). Comparative analysis of the CDI9' and CD US" cell 

antibody repertoires in the cerebrospinal fluid of patients with multiple 

sclerosis. J Immunol 173. 649 656, 
Roberts, W. K., & Darnell, R. B. (2004). Neuroimttiunology of the 

Roosnek, E „ & Lanzaveechia, A. ( 1991). Efficient and selective presentation of 
antigen antibody complexes by rheumatoid factor B cells. J Exp Med 173. 
487~4S9. 

Ropper. A. H„ & Corson. K, C. (1998). Neuropathies associated with 

paraproteinemia ,V Engl J Med 338. 1601 1607. 
Roscnfeld, M. R„ Eiehen. J. G., Wade, D. F.. Posner, J. B.. & Dalniau. J. (2001). 

Molecular and cluneal diversity m Paraneoplastic immunity to Ma proteins. 

Ann Neurol SO. 339-348. 
Rudge. I', Koetsier. J. C. Mertm, J.. Mispelblom Beyer, J. O.. Van Walbeek. 

H. K.. Clifford Jones. R.. et al. (1989) Randomised double blind controlled 

trial oi ivciospoim m nmUipIc sclerosis ./ X, w „l Sw>iire /'.,< hiam 52. 



i. J.. Ful 



v J. I 



ansonno. D„ De Re. V, Lauletta. C... Tiicci. F. 

Daminacco. F, (2003). Monoclonal antibody 

cryoglobulinemia resistant to interferon alpha 

Blood /ill. 3818 3826. 
ell. S. (2001). Immunology, inimiinopathology and 

Washington. DC ASM Piess. 



, Maghozzi. R„ Stigliano. f- . ,v \loisi, F. (2004). 
y progressive multiple sclerosis. Brain Palliol 14, 



I. 147-153. 

Smith. D. R., Olek, M, J.. Balashov, K. E., Khoury. S. J.. Hafler, D. A,. & 
Weiner, H, L. iW8>. Principles of immunotherapy In J. Antel. G. 
Bimbaiim. & H. P, Hartung (Eds.), Clinical iininunohi^v (pp. 92 -104). 
Oxford: Blaekwell Science Inc. 

Solimena. M., Folli, F„ Aparisi, R.. Pozza. G.. & De Camilli. P. (1990). 
Autoantibodies to < iABA-crgu. neurons and pancreatic beta cells in stiff- 
man syndrome .V Engl J Med 322, 1 555- 1 560. 

Stohl, A ,2004) largeting B lymphoeyte stimulator in systemic lupus 
erythematosus and other autoimmune rheumatic disorders. Expert Ojvn 
Ther Targets H. 177-189. 

Storch, M. K... Stefferl, A.. Brehm. U., Weissert, R.. Wallstrom. E„ 
kerscliensteiner. M. . et al. i I'l'iS) Aiiionumumty to myelin oligodendrocyte 
glycoprotein in ra(s mimics the spectnmi of multiple sclerosis pathology. 
Brain Padiol 8. 68 1 694. 

Stme. O, Cepok, S.. Ribs, S . Saleh, A , Hartung, H. P., Hemmer. B., et al. 
12005). Cluneal stabilization and effective b!U\ mphocyte depletion in 
the cerebrospinal fluid and peripheral blood of a patient with fulminant 
relapsing remitting multiple sclerosis. Arch Neurol 62, 1620-1623. 

Svcnsson, [,., Abdul- Mapd, K. B., Bauer, J., l.assmaiin. If. Harris, R. A., & 



Tindull. R. S.. Rollins, J. A., Phillips, J. T, Greenlee, R. G.. Wells, L. & 

placebo-controlled trial ot cvclospoi me m myasthenia gravis. N Engl J Med 
316. 719-724. 

Ure, D. R., & Rodriguez, M. (2002). Polyreactive antibodies- to glatiramcr 
acetate promote myelin repair in murine model of demvelinating disease. 
FASEB 16. 1260-1262. 

van Bekkum, D. W. (2000). Stem cell transplantation m experimental models of 
autoimmune disease. J Clin Inmnaiol 20. 10 10. 

Villar, L. M., Sadaba. M. C. Roldan, H„ Masjuan, J., t 



Villarrubia, X., ( 
pids pre. 



, & Leit 



M. 1 



,2(1051 



IjAI as. 



ii MS ' 



disease: muscle speeilic kinase antibodies and treatments for myasthenia 

Vincent. \ Bees,,,,. [)., & Lang. B. (2000). Molecular targets for autoimmune 
and genetic disorders of neuromuscular transmission, Eur J lliochem 20 7, 

6717-6728. 

Vincent. A., Buckley. C, Schott. J. M.. et al. (2004). Potassium channel 
antibody-associated encephalopathy: ,i potentially inimiinotliciapv-respon- 
stve form of hmhie encephalitis, ihaiit 1 2~ , "01 712. 

Voltz. R. (2002). Paraneoplastic neurological syndromes: an update on 
diagnosis, pathogenesis, and therapy. Inn, el Veurol I. 294 - !05. 

Weide. R.. Heymanns. J.. & Koppier. H ,2000!. The polyneuropathy associated 

eh m ,th rap n tn inti i inn int , I nti im ib Hi I 



Hue 



Wetnstein, I: . Pec-.a. B . Puttemian, C. & 1 
:es multifocal Rheum Dis Clin North Am 30, 159 17- 

Vum/ojjv 63. Wekerlc, R. & Hohlfeld. R. (2003). Mole 

V Engl J Med 349. 1X5-186. 
cchi. M. & Williamson, R. A,. Burgoon. M. P., Owens. ■ 
t of mixed L., et al. (2(K)1). Anti-DXA antitxidi 

anli-CD20. intrathecal B cell response in multiple sclerosis. Free Natl Acad Sei U S 



ry in multiple sclerosis, 
a. O .Leclerc. F... Finne. 



f 1793 I 



and at 



70 



Xf.C. DaUikas ■ Pharmacol,)^ & Therapeutics 112 12006) 57 70 



V. my civh i)k. I) M. 1 2D04 1 Neuromyelitis optica: current concepts. Front too 
9. 834- 840. 

YViiclicrpfe e. K. W, ( atz. I.. HauMiiau.u. S , Sin freer. J L., Sieimiian. L.. 

& Warren, K. G, (1997). Recognition of the immunodominant mvcliu kwc 
protein peptide by autoantibodies and HLA-DR2-rc.stncicd 1 cell clones 
from multiple sclerosis patients Identity ofkei contact realties in the B-cell 
and T-ct'll epitopes. ./ Clin hives! 100, 1 1 14-1 122. 

Wylam, M. B.. Anderson. P. M.. Kuntz, N. L., & Rodriguez. V. (2003). 
Successful treatmeni of iclractors imasthema paws using ntuxiniah: a 
pediatric case report. J Peduitr 143. 674- 677. 

Van, W. X.. Taylor. I. Andnas-Kauha. S.. .\ Pollard, .1 D i2(X)0) Passive 
transfer oi di no 1 1m ita" > scrum or led f.oiu chrome inflammatory 
dcmvcliniuiny piih.ncuiupaif .. n.uiciOs Am \< ur, 4 47 7<o •'75. 



Yu, Z Y . Kiyzer. T. J.. Griesman. G. E.. Kim. SC. K... Beuan'och, E. E„ & 
Leimon. V. A. (200 1). CR.MP-5 neuronal autoantibody: marker of hmg 
cancer and ravmoma-related autoimmunity. Ann Neurol 49. 146 154. 

Viiki. N.. Susuki. SC.. Koga, M„ Nishimoto, Y„ Odaka, M„ Hirata, K.. et al. 
(2004). Carbohydrate mimicry between human gnnglioside GM 1 and 
( \imp\ !ti!- aeter iemm lipooliyosacchande causes ( unllain-Barre syndrome. 
Proe Vail 4,.,dSrl USA 101. 11404-11409, 

Zaja, R. Russo. D.. Puga. G., Perella, G., it Baccaram. St. (20(H)). Rituximab for 
myasthenia gravis deyctopinu .after bone iii.in.uv transplant. V<w»./.«v S5, 
1062-1063. 



